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(54) SEMICONDUCTOR LASER ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To operate a semiconductor laser having a 
light emitting active layer region composed of GalnN/AIGaN, at a low 
threshold value. 

SOLUTION: A GaN buffer layer 2 and an N-type GaN optical waveguide 
layer 3 are grown on a substrate 1, and an insulating mask 14 is formed. 
Again the N-type GaN optical waveguide layer 3, an N-type AIGaN 
optical waveguide layer 4, a strain compensation multiquantum well 
active layer 5, a P-type AIGaN optical waveduide layer 6, a P-type GaN 
optical waveguide layer 7 and a P-type GalnN contact layer 8 are 
selectively grown. The strain compensation multiquantum well active 
layer 5 is formed by joining a quantum barrier layer of undoped 
AIO.10GaO.90N to a quantum well layer of undoped Ga0.20In0.80N. By 
constituting a light emitting active layer as the strain compensation 
structure by the quantum well layer of GalnN and a quantum barrier 
layer of AIGaN, an energy barrir of In composition of the quantum well 
layer and the AIGaN quantum barrier layer is increased. Thereby a laser 
element is obtained wherein electron and positive hole carriers are 
sufficiently confined in the quantum well layer, generation efficiency of 
optical gain is high, and operation at a low threshold value is possible up 
to a high temperature. 
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(57) [Rft] 

C US 3 Gal nN/Al GaNtJS»*» * S &3fciStt«S«£ 

[«&¥K3 1 ±KGaNA y 7Tl2i nMGaN3\S£ 

SGaN3S»ftJ13t. RVvCni[AlGaN3te3flft*4, M || 
f«£M^#F*Stt«5. pMAlGaNft^Jf 6. pMG 
aNftSfifc*?. pSGaInN3y*?Hi8«BWaW- 
4 . fit^-M^ #FvStt/I 5 li , T y F -7°Ga 0 . 2 0 
I n 0 . 8 o NWlf #FJf t T y F -T Al o . ! 0 Ga 0 . 9 o N<7)g^ 




[ $>H ] IBft£ttfI«£GaI nNWJH 1 #F« fc AlGaNWfi 
i:T, *^#F«tmWE?L^yT£+31St& 
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mu 2 -pcuit* * vj$i7cs# 2 oia 

±T«?^3jm±^I B a B ^*^ «k "9f^T»l£ 

£*t\ mmmmx^x ^mmim^ms^m 
m% tx^izb mm t -t tm& 1 cisaa** 

EmmtEWM. BmmbBmw. mm&mmtBm 
ttmb-timax 1 n^.3m^n.MztmcD^m#]y 

— f*?. 

fc£ft¥»tt*»&$r9, AlGaInNtm£fflVvCffij£3*l 

g^#Flf tAlGaN^^WMflcoSOJIUcJ: 9 
[|*SII7] IME&ZSttXFmmii. GalnNffiH 

[f&*E 8] ±IB^ag^#FvSttJl«. GalnNffiffi 
Stf#F*fc . ISa^#F*J; 0 fclnffl)S*/hS < L 
fcGal nNEffiMfi^ RSfli b AlGaN^ l3g£*F HE Ml * ^ 
=5: < t i> 2 g»tSftfc»? MiW 1 1 i mm L 

&¥#Fm t im^mm&mzm o m ixm ix 
htzb mmb-tmmi4x\i 5 tEtt^mwfcu 



[HWSS9] ±iB^«Ht3rf>*fc:JiAlGaN3l3g£» 

^i^tM ix h h z t mm b -ti mm 5 n 

0 ] ±IS*^ B B B »i^ B B B ^Wurt Z iteS 

imm.i 1 ] ±ia»»sft»Rttwurtzite«3t** L?t 

(0001) Cffi£* -T * -F7 r 4 T ( a -Al 2 0 3 ) & 

ifi^ii (oooi) ch * #t «. ft-f ta* ( « -si o xhhz.b 
mmb-titmmi omm^m^u~^m^. 
iffiffli 2] mttgkm>urtzitemmmm±.mK 

«(o(n-20)Affltwc-$)i.*\ ^mmmb^h^ 
zwiMti z b mm b-timxm 5 am 1 1 

«WipMGaInNfe H 9 il^I^LT*l> i fc S«pafc-t 

tnm 5 7!;^ 1 2 m <n\ ^-ftifiHztmco^mfov-y 
*f. 

IHH»ai 4 ] ±lBpfflM«t^4tl.paGaInN3y 
i,5X10 18 /cm3m±^|g(tT$>0, 5X10 18 ~5Xl0 19 /cm 
J8 1 3 tEBO J l ! **l'-9WF . 
•t* pS^ttttKJiMg&fflV^-C K -7?& Z b m®b 

[000 1] 

mmrmmzm Ltz^mwv-^m^zmth . 

[0002] 

jS^TT^-f H ■ 7 -f S/-x^X ■ lx^-S, 1994^,64 
*,1687-1689H(APP1. Phys. Lett., 64, 1687-1689(19 
94) . ) fciJVvCi**S>ivC *S 0 , GalnN/GaN/AlGaNfiffS: 

[0003] 

immmbx ~> b-tmmi ismsitflmti 
m^imxn . f caw- 
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[0004] *5Mi<D@«tt, Mi%±immtfm* 

[00 0 5] 

ffi<^«tt#ltff4£S*?#F«Btk U lolM 
M^tt«ffii«£IM-f 4 <! k Cfc 9 . «*i OffiBKt 
X (fifl*>. *^*>aA«8E£ffi< LT ) GalnN/AlGaN 

NMM^#FIlkAlGaN3l3iMS^it«k^44 

jaww^fnffijg (sa«Ji*zscs^t4flBi) k 

It LT»T4 . * &CSS3&3teiSttflfcovvcfBI 
4. 

[0006] ±a^)IWt jftfit* Kftfc 0 , *JMBT- 
[0007] *»BHTtt. 4"4< k 1, 3 ofiUi^TC*^ 

^■ORSLT (IP*, B»L*d*7#F*i:*FnK 
«<Dfg«tWIEm* 5 'j3ik 44 J: ^ LT ) 

5ffi11Skb£Mii§^l»?#FflBik-f4. «HF5 

fltfir«jnc3i -^35 9M£ jn* 4 j: 3 izbxmmzmmt 

fc. 3fe«*Ht&*>«i. -^MT"-t^#FJfk. fl!i 

^mx-prnxit nmcommb^^i-h t ± 

v\ SB«Sfc-f4.ri:fcJ;i9, *7#FJIfcttJ;9* 
fgt44o 

[0008] 1 1 1 - vmititmfr ^.44 mtis&m ^ 
■fi^mwv-^m^za^x, *F#F*Kin££* 

•£4k. ?Bt3«(2:fa±-f 4 . iOifcJi, ^%WfBf 
4) ¥3IW^-¥*?-CfcH«!T**. Sfcfc. M-fcft 



^#F« k AlGaN*Sfl*»/a4 Sftfl*gJi£j«£3 # * 
k. 1u#WiI±8»\ a*fcfcHI3SE#SA3*ia. 
GaNtSft^iHtetjV \T , GaJ; *) W^'&C0±* \ ^7C« 

(in) zismmmtfm-t&bz. znmmm 

fiyWfl^fitt4:fffi (fl|J^ Kcofflffi) 35pfeffiBS*i 
/cJ;34ff« B B H kLTffM§ti4„ £*>k&. 
KfiP*>Ga« B B B «iMM#»4. ft#tf)fflL BP*>G 
aJ;0J!I^I^h^^7c« (Al) £-£trI»±. mt 
BmX'foS,. ZCOZbli. a#WlH*GaN|Sfttf3Siit 

£jfc£fir|6iaB* -£4 Z\bX\ GaN&Akft 

j&s*u z\mmtoMG a m^iz^m^.mnhi . bu 

a*«lfiK:5l3gS*«*>«r Jn*>4i k{±V^ *T 

i,4v\ 

[0009]^ i 4Ttt, MW)fcftfc»?#FJitGa 
InN^ B B B T\ *^KSJiS:AlGaNJgftr»J«L3tfia|T^ 

*nxm=?*mco*%umT mwmiz. 

(unit cell) &ffljSt-4JS^^%K4T-m(f. * 
^FJlO^JtFBSl <t 0^c#^kv^-p ffffStfa 4 
kv^i5. jR*<0* (IS B H B K) *JS^4tllL, 

[ooio] i^^flci/nrjifFtii, 

«14Jl/24^aM^#F«ji& 2 T&ffc-^flj^Wftc&fflV^ 

■ft, 37t&.±.com.^mwx-mmh z 1 1 i o . » 

*S14iitfe(t4^^co^*S»4. «36Stt»H 
*S^ftt*JV^2&fflflW4 i k t i 0 . ^Jifi'GalnN 

i k flfisJlB k44 o -?S0, 4S<0S6SS:f Iffl 

<, fi»Ayit*7t7 h^^4AlGaNJl^OTT" 
JWt *F#FJBti«-6x*;i^-HtffiS-HMS 
<i&S^4£k*Hltra4. itofcft, ^-fiM^F 
»ci3tt4^^ U rmti&>0)%£k*£ *) fr±.X£ 

4. 4fc, mwmommmiTK. m^mms^ 
mcomitiz &Kx . femz&&&cD&#mz i k ^t- 

^4„ Sffi«co^aS^#F«3tT1i. MT#F«cO 
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k tfX' # & £TW2»T h . iJwflr < fc 3 oUUkWHR 
*» * 4 3 7CJM±C0M^¥##T" tit, Jtf#FJfa 

i/M.?mm*mi&-t& z 1 1 j o . 

1M1I:»A LfcGalnN&ffcl fcfflV \ *T HESJB 
t{43l3Sffi*#A LfcAlGaN*S B H B « . ^3tvStt« 
««^*^^TM^f«t-|.ii:tJ; 0. fi^#FJl 

# < t . S^Pf^lcOAlfMt i 9x*/l^-|«S* J: 

v\ m^msmm^iy-m^immt^i. zti 

0 . SiBJJLtflKiBi TU-lffHItfgSgfcfl&ii 

Jf fc*f LT . ft^T-^g^AlGaNS^ PtlllT-a 3 JB£ 
W)WfZ k \,Z%h<nX\ S«^B#T"OGaInNte B B B ji 

<mmm<zkifit%h. ztat. wmis-vm 
Tvimiz&^xMGaumTmmmzf&mm. GainN 
tt#wmjtLmiz&KxmsA&t:-& < -t* k ^ o & 
mmmm a&m.gx'temmgfc) t*^< 

•C»4. IIIRBFf-fctJVVCttln, Ga, AlcDliTM^ 
Olfl^< , AlGaNl^jR*«rKtJft*GaInWI>twO 
in^KK^IBWrrfco/s**, 3«»BfcJ:fiflliSTtt, BE 

(ZAM S ftfcGal nN*^#Ffl* { Al GaN*? PHMr?ffib 
*lfc#tt&*T*-*fc*>, InOlfflltflWlT**. 

F««fs B H H tt t ^r-vm^mmmmm-m?*- 
yxmm^z t ^tra fc . $ kw^sw 
t^nh^xmmmkixa^ (Miiiat 

flUSLTtJO) . %*vSttl«iic7)^^v^Tfe B H a tt 
[ooii] ^tt^FlijtoSttlfcfcv^Ji, * 

'J T^?a1^-o-o^§^#F)Ifc:i3(tl>^ U TM 

m+m±.zit&mm&. zcor^, *mv 

Tt4*<. 024>03fc:^bfc, JK t KSl^=5r<t 
t 2SBfc LfcflBtfcSHta i t fc: J: 0 . fi^#F«fc 
^tl>^yT:ffg£&«tl>;t£#gjLfco iixfc: 
cfcSfc , 01 «f#^J: "9 1, , S^coffiraffiSl^^SgT 

* o , rmnm,te2/3fri,i/2i l ztx-i&mxztz. 

[0012] JJLht J: 0 , »JH4*»J: < ^rn^Mcolt 

tw j: < , y&maejmm- tfc< < mim 
mmznwz. mmm^wtm^wthLx . Ga 

InN/AlGaN*m**>l'-" fWtM6M*&8L U **o 



[00 13] 

*fMH^-nttsM&H4t:i vmwti. i£-f (OOOl)c 

SlffltfyiSfcJ: Dia£450~550X:fc£VvtGaNA>y 7 r 
« 2 SrJiJc* L . ft£fiflHO0OMl<XrcfciJ^T. nMGa 
mmWM 3 . n MAI a Ga, - a N( a =0. 25) 4 . 

T^H-TAl. Ga,- a N(a=0.10)3t»«H1tiito«fcT 

SSJMt^SM^FiSttl 5 . p SAlGaN^iSil 
6. pmafflm%M7* pMGaInNa>^^M8^^ 
»tS. Sffl}fi#-**^#Fvg'ttl5t{4, 01 

fc^rTflBt^fflv^. Sffi«^S4T#FvStt«5c7)» 

rtfcfc^Ts mzry K-7°Ai a NitrvH- 
siTffoi:in<oiMK&iwi-cs4. pm%wm 

^ttftMg&K-rUTfcO. pffiiKW»«6fcpa3l6W 
«J17tC{4, 5XK)i7~2xl0i8/crf«>|fflffCRJgL, P 
I^^; M8fcI«LT(i. 5xi0 18 -2xl0iVcra3cO 

yrmxizz *) . 04 tasr^ i a t, iSsiico-gps:! 

h 9>f 7^[&IS:M*K 1 <T> (11-20) Affl t W5r^l6]t^ 

ifc-rs. | jy^77-f-tj:'9s ptfmsiofc 
nfflmsi immi-h. mmz. mmAhjjr 

[0014] *KJi^Jfct J: k . iSttWffiettJ^Tffi 
^SSrffl«tTV^COt" s GaInNM^#Fl(OIn«^ 

fc, mmimkz < tsf»Ay K^-7-t -/ b ^7;^ < 
ktihhKm&&m**.^mm\,zm^x^hr)x\ x 

*>WM*a* i 0 K < tmx% fc . iixfc i 0 . *p 
#Fiifcfefti>^^ u Ts #fc«^^ u rt-Hfflt 

a«a4-c«fw-&u— yjR^^fc. *fc. ^mi^s 

4^#F1fjt fcfe V (4 , ffi?SE^*^5rGaI nNg^ 

#F«fcM lx , m&x^^MGaHm^mmmx t, o 

•C^N'-fS i t fctSWT. GaInN^ B a B ilC0SM^ 

m\ smmi^pn^^km^Tn^m^M 

«tt&fifffc«oifc**srigfc*ofc. 3fet=t±M«HR 

*o^*fct$ viTHfttt*fi*Ffcasrr s fc . 

•C(4. 8H!MWKrrtIfc»U-Cfla«tW«£i:fcJ: 0 
#4 1 0-4 3 0 nm«Wl^V-1fWRtS3|t?t» 
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ft. 

[0 0 1 5] S»W2 

U V 7? 7 * - k x y j-yflz X 0 N Jf 6 tcPJ-S * Tl 
7fcUt*LT'J?$>*h5-f7 , fc»Jirt-4. Kfc, SS 
Mv* ? fcfflffl LT , nMGaNttSK««J| 1 2 £ SfM 

113kpMGaInN3y*?h*8£*!iftj£g-*-6. * 

(c, 7* hyy^^^-fcxy^^TnifcJ:!?, 111 
5 teS-f J: 5 fc, U >y Tffig^MfflSrfl 3 fc 

ios * mst* . mm it±< mtz l 

X. SRWHKU 05t^*FBriii*»4. 
[0016] *aSMtJ:^}: . vSttlffi^fc^tT 

S SW^iiftflfit Lft D v y^h5^ 7m 

*fHR-c# , sasw i i o tfflamweu »s« 1 

t it^T HHB*8H4l/3~l/5fc: * Xl&m Lft*™# 
ft. Mfcgii, »^fe-ia*llSc04 1 0-4 3 0 nmffl 

igffl-c^ft, 

[0 0 17]^»J3 

1^2tP»bT, Jl3 4TR{tS. *t, 7*b'J 

?14*«MW*. nSGaN3lfiW»l3, nSA 

lGaN3t^iSl4, TV K-7A1 a Ga!. a N( a =0.10)3131 
©EftJifflt&Wikry F-7°Al a Ga!.« N(«=0.10) 
?l?SSft^PfMilXVTy H-rGaj-a In, N(/3=0.20) 

5, pSAlGaNft#i&*6, p gGatttatifcl 7 , pUGa 

IMIT, Uy^57^-t:J:0, pflWffilOtn 
fltfil lw^-y^^*ffM-ri», Sfet. Sttft 
fc liSEfc^fcaHSfcfSm - fc <* o"CH6 

[0018] #H«iJ£ J; £ fc , 8§fi*«2f|ft|K*f LT 
gSiff < Kit* i fc *tS S HSOfcfc 
setsaw-s fc fc i>fc, 7X^? Mfctf'hS < R»fc 
F ^afiSWi JB*f*«ftfl!S** I- ft B 

2 J: 0 tffilSBili&fK^rffi'C* 9 , Hffi«8B#iaSS0!2 
fcJt^T 1/2*^1/3^4 TffilSU*f . 
m. #*fijfc£«<94 1 0-4 3 0 nmO«HT*-J 
ft . H®3f*gfc «t -3 Tlfi*We- F & 3c«fc»»W* 

1 w*^ j: 0 h . ssttJH«*moa*f*n*ycs < t*i 

JW, #^£££fcfis«-C$S. £^fc, VRttV 

SBi, HjWJ2fcJt^T. $ &tl/2*»&l/3fc4-Cffi* 
?£S8fcftfi. W*fetfcfl«fc>4 1 0-4 3 0 n 



mC7)KBT-£)oft. 
[0019] H»J4 

frL>3£x°wm^mnizixftm-fz>t\ mnmm 

MFHtFmM 5 LT»fl»fil*iJ«5r < k t> 2S 
BfciftftfcH 2 XiiH 3 ^ffijt^^A Lfc . *<9fl&li. 
Htt0« 1 3 4 T'^«^«jt S- I^«(cf3! t . 

[0020] *mtwHz± 1 1 , mm 1 *2&# 3 k 

H^^flfit^fRKL. »MSiStt«*iai*»6SI2X 
«H3WM3tt:3giT*ALfcki^. iOffiHfittf^ 

fe*ft«{W4 10-43 Onm^SiTjiofc. 
[002 1 ] *M^J5 

T(a-Al 2 0 3 )S*Oft^0t. ^>\Sr»urtzi 
teflfifC* DffiMf {4^(0001) CffiT$> £ nf»Mk 
a*(a-5iQfc LT. *«±tnSBBK/<-y7r«tR 
ttT. ^Of^M^J 1 3 4fW3R^«et*|SI«t L 

k. ffiBWna^Wttffcftfcfe. nffl«ffi&SS« 

LT*ffiTH<o n mmmcoif^t mat at; t 

T, S^WSrTtLfcv^yh^SHrigkiriWT, fe* 

yEmmzfa±_x°zfz, *mmmx'ii. immmx 0 

[0022] 

» #:AlGaI nN«« t V vt s GalnNEg^S^ #F« k Al 

MMTXpmikm&mizmAti z 1 1 i 0 ^fy 

y+WF«S?^S < L, x*/WMWtfc J: Oft 

P^ta«6. ftaAB#T't*^iHf^ft*J4it5rC\ fij 
^6^»<0flSVM^—f*TSajjtLfc. 4fc. 

^g^Gal nNJtP#F« t» t T . ft^T"^S : 5:Al GaNS 
^ PtSJf T'S d ^ 0 jg-T i k =flr 4 « f\ KSJS^ 
B#T-cOGaI nN|SS10S« #F«^fe B H B 
14 k ^o^M«itfi^-IIf*- ^"Tftff t 
«o; k -5 fc . $ t izimttMffl t&fcJl t> 

r ^tt^ a» s fc . * we*, fiBMrmi^ 
t, fr^mm±.cnm&tx'mcti\s- ji fm=f-*% 
tz. *gs*wc{4, astti«wi*iwur, w#n&is 
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t i&rmvmft i . <*> i/5c a Tim i 

0. S^{cBMI«SE*2/3*»tl/2fc:*'Cffi»Ufc. #» 
[01 ] Sffl«M^SM^#FfflitSttJf^cOg^ 



1 -(OOODCffi-9-7 r A 7#ISift*K, 2-GaNA' 7 7 r 
1. 3-nMGaN^iS«. 4-nSAlGaN^OT. 5 
■ • ■ T y Y -TGal nN/Al GaNSffiflt^S*? #F«itvStt 
1, 6-pMAlGaN*»jfel, 7-pSGaH3t»ftfl. 8 
-pMGalnNrjy^bJM. 9-«9BRv;*$\ 10- 
pffl*«, 11-nlti. 12-nfflGaN«Sff«E^ 
13-pSGaN«46a»», 1 4-3!S?lS^ffliffi» 
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[02] 
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AlGaN3l3SS 
1 AlGaN? 3SS \ 





